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Introduction
Depression is common, affects in excess of 350 million people worldwide and is the third leading cause of global disability according to the most recent Global Burden of Disease (2015) study (Vos et al., 2016) . Depressive disorders affect people of all ages, both sexes, irrespective of socioeconomic status (Djernes, 2006; Kessler et al., 2003) . Next to the tremendous mental health burden, people with depressive disorders are at elevated risk of various somatic co-morbidities. For example, depression is an independent risk factor for type 2 diabetes (Vancampfort et al., 2016; Vancampfort et al., 2015b) and cardiovascular diseases (Seldenrijk et al., 2015) . These cardio-metabolic diseases are also leading contributors to the increased premature mortality observed among people with depression (Correll et al., 2017; Walker et al., 2015) .
In the general population, there is evidence that physical activity could be broadly as effective as pharmacological interventions in preventing and managing cardio-metabolic diseases and premature mortality (Naci and Ioannidis, 2013) . Moreover, people who engage in low levels of physical activity (Mammen and Faulkner, 2013) and those with low cardiorespiratory fitness appear to be at an increased risk of developing depression. There is also robust evidence demonstrating that physical activity is effective for the management of depression .
Despite the plethora of research pointing to beneficial effects associated with physical activity participation, many people with depression do not meet the recommended 150 min/week of moderate to vigorous physical activity . For example, a recent multi-national study using data on 178,867 people from 36 low-and middle-income countries (LMICs) assessed physical activity levels with the International Physical Activity Questionnaire (Craig et al., 2003) , and found that significantly more people with depression failed to comply with international physical activity recommendations compared with non-depressive individuals (26.0% vs. 15.8%, P <0.0001) . Given the health benefits of physical activity, there is a need for research to investigate what factors influence physical activity participation in people with depression. A systematic review including 59 papers and involving 101,539 persons with depression (Vancampfort et al., 2015c) showed that the correlates consistently associated with lower physical activity participation were: a higher level of depressive symptoms, a higher body mass index, the presence of somatic co-morbidity and a lower self-efficacy. However, these findings were mainly based on studies from high-income countries while data from LMICs is scarce. This is an important research gap given the suboptimal treatment of depression , differences in knowledge regarding the benefits of physical activity (Pengpid et al., 2015) , and different environmental factors such as different work conditions (Atkinson et al., 2016) in LMICs. The continuing dearth of studies from LMICs also highlights the gap between where research is conducted and where the largest public health impacts of physical inactivity occur (Sallis et al., 2016a) . Information on physical activity correlates for people with depression in LMICs could guide the design and delivery of targeted interventions in these countries. It could also provide useful information that can support integration of physical activity into primary health care settings in many LMICs.
Thus, given the aforementioned gaps within the literature, we aimed to assess physical activity correlates among community-dwelling adults across the whole depressive spectrum in 46 LMICs.
Methods

Settings and protocol
The World Health Survey (WHS) was a cross-sectional study undertaken from 2002 to 2004 in 70 countries worldwide. Single-stage random sampling and stratified multi-stage random cluster sampling were conducted in 10 and 60 countries respectively. Individuals with depressive symptoms aged ≥18 years with a valid home address were eligible to participate in this study. People were not excluded if they had a co-morbid serious mental illness (e.g. schizophrenia). Each member of the household had equal probability of being selected with the use of Kish tables. The data were collected in all countries using the same questionnaires with some countries using a shorter version by face-toface interviews. The individual response rate ranged from 63% (Israel) to 99% (Philippines) (Moussavi et al., 2007) . Ethical approval was obtained from ethical boards at each study site. Sampling weights were generated to adjust for non-response and the population distribution reported by the United Nations Statistical Division. Informed consent was obtained from all participants. Details of the survey have been provided elsewhere (http://www.who.int/healthinfo/survey/en/). All interested researchers can gain access to the dataset through this website subject to approval from the World Health Organization.
Variables
Depression
Depressive symptoms were classified based on individual questions from the WHS version of the World Health Organization World Mental Health Composite International Diagnostic Interview which captures the duration and persistence of depressive symptoms in the preceding 12 months (Kessler and Ustun, 2004) . We established three mutually exclusive groups based on the ICD-10 Diagnostic Criteria for Research (ICD-10-DCR) (World Health Organization, 1993) where criterion B referred to symptoms of depressed mood, loss of interest, and fatigability. In accordance with previous WHS publications ( Ayuso-Mateos et al., 2010; Stubbs et al., 2016b) , the algorithms used to define the three groups were the following: (a) Depressive episode group: at least two criterion B symptoms with a total of at least four depressive symptoms lasting two weeks most of the day or all of the day. (b) Brief depressive episode group: same criteria as depressive episode but did not meet the two-week duration criterion. (c) Subsyndromal depression: at least one criterion B symptom with the total number of symptoms being three or less, lasting two weeks most of the day or all of the day. The criteria of duration of at least two weeks and presence of symptoms during most of the day had to be met.
Physical activity
In order to assess if participants completed the recommended physical activity levels of 150 minutes of moderate to vigorous physical activity per week (Vancampfort et al., 2012a) , we used data from the International Physical Activity Questionnaire (Craig et al., 2003) . The total amount of moderate to vigorous physical activity over the last week was calculated based on self-reported (time spent physically active and frequency) moderate and high intensity physical activity. Those scoring ≥150 minutes of moderate to high intensity physical activity were classified as meeting the recommended guidelines (coded 0), and those scoring <150 minutes (low physical activity) were classified as not meeting the recommended guidelines (coded 1).
Sociodemographic domain
These included information on sex, age (18-24, 25-34, 35-44, 45-54, 55-64, ≥65 years) , marital status [Married/cohabiting or other (never married/separated/divorced/widowed)], highest education attained (at least secondary completed or not), wealth quintiles, employment status (unemployed or not), and setting (rural or urban). Principal component analysis based on 15-20 assets was performed to establish country-wise wealth quintiles. Employment status was assessed with the question 'What is your current job?'. Those who answered 'not working for pay' were considered to be unemployed.
Health behaviour domain
The question 'Do you currently smoke any tobacco products such as cigarettes, cigars, or pipes?' with the answer options being 'daily', 'yes, but not daily', or 'no, not at all' was used to identify current smokers. Those who replied 'daily' or 'yes, but not daily' were considered to be current smokers. Two separate questions for fruits and vegetables were used to assess the number of servings the participant eats on a typical day. The answer to these questions were dichotomized as <5 or ≥5 servings/day following WHO/FAO recommendations (Bishwajit et al., 2017) . Alcohol consumption was assessed by first asking the question 'Have you ever consumed a drink that contains alcohol (such as beer, wine, etc.)?' Respondents who replied 'no' were considered lifetime abstainers. If the respondent replied affirmatively, then he/she was asked how many standard drinks of any alcoholic beverage he/she had on each day of the past 7 days. The number of days in the past week in which 4 (female) or 5 (male) drinks were consumed was calculated (World Health Organization, 2002) , and a total of 1-2 and >3 days in the past 7 days were considered infrequent and frequent heavy drinking respectively. All other respondents, apart from lifetime abstainers, were considered non-heavy drinkers.
Mental health domain
Type of depression included depressive episode, brief depressive episode, and subsyndromal depression following the ICD-10 algorithm mentioned above. Anxiety was assessed by the question 'Overall in the past 30 days, how much of a problem did you have with worry or anxiety' with answer options being none, mild, moderate, severe, and extreme. In accordance with previous WHS publications, those who answered severe and extreme were considered to have anxiety (Koyanagi and Stickley, 2015; Wong et al., 2013) . Details for the variables on sleep/energy and cognition are provided below (section on health status).
Physical health domain
Visual impairment was defined as having extreme difficulty in seeing and recognizing a person that the participant knows across the road (i.e., from a distance about 20 meters) (Freeman et al., 2013) . A validity study showed that this response likely corresponds to World Health Organization definitions of visual impairment (Freeman et al., 2013) . The participant was considered to have hearing problems if the interviewer observed this condition at the end of the survey. Arthritis, asthma, and diabetes were based on self-reported lifetime diagnosis. For angina, in addition to a self-reported diagnosis, a symptom-based diagnosis based on the Rose questionnaire was also used (Rose, 1962) . Details on the variables on pain/discomfort and mobility are provided in the section below (section on health status).
2.2.7 Health status (sleep/energy, cognition, pain/discomfort, mobility) Participants' health status was evaluated with 8 health-related questions pertaining to four domains: (a) sleep/energy; (b) cognition; (d) pain/discomfort; (g) mobility. These domains correspond to those commonly used in health related quality of life outcome measures such as the Short Form-12 (SF-12) (Ware et al., 1996) , the Health Utilities Index Mark-3 (HUI) (Feeny et al., 1995) , and the EUROQOL-5D (Kind, 1996) . Each domain consists of two questions that assessed health function in the past 30 days. The actual questions can be found in e-Table 1 (Appendix). Each item was scored on a five-point scale ranging from 'none' to 'extreme/cannot do'. For each separate domain, we used factor analysis with polychoric correlations to obtain a factor score which was later converted to scores ranging from 0-10 with higher values representing worse health function Stubbs et al., 2016c) .
Statistical analysis
Data from 69 countries were publicly available. Of these, 10 countries (Austria, Belgium, Denmark, Germany, Greece, Guatemala, Italy, Netherlands, Slovenia, UK) were deleted as sampling information was missing. Furthermore, 10 high-income countries (Finland, France, Ireland, Israel, Luxembourg, Norway, Portugal, Sweden, Spain, United Arab Emirates) were omitted as the focus of the study was on LMICs. Of the remaining LMICs, Morocco and Latvia were not included as they lacked information on physical activity, and Turkey was also excluded due to lack of several variables pertaining to the analysis. Thus, a total of 46 countries, which were all LMICs according to the World Bank classification in 2003, were included in the analysis (for an overview of the included countries: see e- Table 2 ). The current analysis was restricted to those who had depression (i.e., depressive episode, brief depressive episode, or subsyndromal depression) (N=24,230) as the aim of the study was to assess physical activity correlates in this population. A total of 23 potential correlates of physical activity, corresponding to 4 domains (sociodemographics, health behaviour, mental health, physical health) were assessed in patients within the depression spectrum. The selection of these correlates was based on past literature (Davy et al., 2012; Suetani et al., 2016; Vancampfort et al., 2013; Vancampfort et al., 2015c) . The differences in the sample characteristics by physical activity levels were tested by Chi-squared tests and Student's t-tests for categorical and continuous variables respectively. We conducted multivariable logistic regression with low physical activity as the outcome to assess its correlates by domains (Suetani et al., 2016) . Model 1 adjusted for age, sex, and country, while model 2 adjusted for all the variables in the respective domain in addition to age, sex, and country. For all regression analyses, variables were included in the models as categorical variables with the exception of sleep/energy, cognition, pain/discomfort, and mobility (continuous variables).
Adjustment for country was done by including dummy variables for each country as in previous World
Health Survey publications (Koyanagi and Stickley, 2015; Nuevo et al., 2012) . The sample weighting and the complex study design were taken into account in all analyses using the Stata svy command.
Results from the logistic regression models are presented as odds ratios (ORs) with 95% confidence intervals (CIs). The level of statistical significance was set at P<0.05. The statistical analysis was performed with Stata 14.1 (Stata Corp LP, College station, Texas).
Results
The mean (SD) age of people with depression was 43.1 (16.1) years and 36.1% were males.
34.8% engaged in low levels of physical activity. There were no statistically significant differences in the percentage of people not complying with the physical activity recommendations between people with (brief) depressive episode or subsyndromal depression. Sample characteristics are provided in Table 1 . Low physical activity was significantly associated with the following characteristics: older age, not married/cohabiting, higher level of wealth, being unemployed, urban setting, inadequate fruit and vegetable consumption, having visual impairment, hearing problem, arthritis, asthma, and diabetes, as well as scoring worse in the domains of sleep/energy, cognition, pain/discomfort, and mobility. The correlates of low physical activity in the sociodemographic domain estimated by multivariable logistic regression are illustrated in Table 2 . In Model 2 (adjusted for all the variables in the respective domain in addition to age, sex, and country), the significant correlates were male sex, older age, not married/cohabiting, being in the richest wealth quintile, unemployment, and urban setting. In terms of factors in the health behaviour domain, in Model 2, inadequate vegetable consumption and frequent heavy drinking (vs. lifetime abstinence) were associated with significantly higher and lower odds for low physical activity respectively. In the mental health domain, only worse sleep/energy was significantly associated with low physical activity. Visual impairment, hearing problems, and mobility difficulty were significant correlates of low physical activity in the physical health domain (Model 2). Although diabetes was a significant correlate in Model 1, it was no longer statistically significant in Model 2. In order to assess whether this was due to the mediating effects of pain/discomfort and/or mobility difficulty associated with diabetes, we excluded these two variables from Model 2. The results of this analysis showed that this might have been the case [OR (95%CI) for diabetes: 1.37 (1.03-1.83); p=0.033]. Similarly, we also tested whether the loss of significance of pain (Model 1 vs. Model 2) was due to mediation by mobility difficulties by dropping mobility from Model 2.
The OR of pain was statistically significant [OR=1.07; 95%CI=1.03-1.10; p<0.001], suggesting that pain may lead to low physical activity through the mediating effect of mobility difficulty.
Discussion
General findings
To the best of our knowledge this is the first multi-national study exploring physical activity correlates in community-dwelling people with depression. The current data are among the first to report on physical activity correlates in people with depression in LMICs. Our findings support the hypothesis that, in people with depression in LMICs, physical activity participation is a complex behaviour that is influenced by many different factors. In summary, our data suggest that in particular male sex, older age, not being married/cohabiting, being wealthy, unemployment, living in an urban setting, lower vegetable consumption, worse sleep/energy and the presence of somatic co-morbidity are all associated with lower physical activity levels among those with depression. Depression type was not significantly associated with physical activity levels. A clinical implication of our findings is that to achieve substantial physical activity behaviour change in people suffering from depressive symptoms, physical activity interventions should ideally target changes in different domains and should be tailored based on the individual's needs and barriers.
Knowledge about correlates of physical activity behaviour helps to identify high-risk persons with depressive symptoms in whom physical activity is less likely, and who may therefore require more intensive and targeted interventions. Consistent with data from Western countries (Vancampfort et al., 2015c) we found that older age and the presence of somatic co-morbidities were associated with lower physical activity and these are likely to become a major public health issues in LMICs as the number of old people is currently rising (Beard et al., 2012) . Our data also confirm previous findings ) that mobility limitations and pain, which are more prevalent in older patients and in those with somatic co-morbidities, are associated with lower physical activity levels. It is known that people with depression may be more likely to have chronic pain (Stubbs et al., 2016d; Thompson et al., 2016) , which impacts upon mobility (Stubbs et al., 2016e) and is associated with being less physically active .
Our data indicate that health care professionals and policy makers should also consider the socioeconomic status of people with depression. For example, not being married/cohabiting was associated with lower physical activity levels. It might be hypothesized that those who are not married or cohabiting feel lonelier. Loneliness has been associated with lower physical activity in the general population (Hawkley et al., 2009 ) and in people with psychosis (Suetani et al., 2016) . Furthermore, we found that participants who were employed were more physically active. Next to physically demanding labour, active transport to and from work might be an underlying reason. Speculatively, employment may offer opportunities for people with depression to connect socially, enhance social functioning and consequently have more opportunity to be physically active (Böhm et al., 2016; Sarkar et al., 2016; Suetani et al., 2016) . Future research should explore whether social support might assist people with depression in LMICs to become more physically active. However, this family support may not be possible, unless stigma associated with mental illness in LMICs is tackled. In addition, the amount and type of social support necessary to begin or maintain physical activity behaviour should be investigated. In contrast to the "Western" literature where differences in levels of physical activity between men and women with depression tend to be smaller with conflicting results, our data in LMICs clearly demonstrate that men with depression are significantly less physically active. It is established that women, in particular from rural settings in LMICs, are at the centre of the economic production for the family (Pathai et al., 2013) . Also contrary to Western societies (Vancampfort et al., 2012b) , increased wealth was associated with lower levels of physical activity. Economic transition to a higher income economy is usually associated with a move from a predominantly agrarian and/or subsistence economy to a predominantly industrial and/or service-based economy resulting in changes in occupational patterns, leisure time activities and diet. For example, it might be that a more Western lifestyle, mainly observed in urban centres of LMICs and including the use of motorized transport, less labour-demanding jobs, and physically undemanding, mostly screen-based leisure, is responsible for lower levels of physical activity in those who can afford such a lifestyle. Next to this, the urban food environment is characterized by a high availability of calorie-dense, cheap foods and lower consumption of fruit and vegetables (Solomons and Gross, 1995) , which might explain why physical inactivity is associated with lower vegetable consumption. Differences between rural and urban settings might also be related to the fact that an urban environment in most LMICs is not conducive to safe physical activity due to unsafe traffic, increased risk of crime and fear of crime (De Bourdeaudhuij et al., 2015) , which are in turn linked to stress and depression (Smit et al., 2016) .
Finally, a rather counterintuitive finding was the association between higher physical activity levels and regular heavy drinking. Research from Western countries suggest that until a certain level of alcohol consumption or until a 'ceiling effect' is reached, higher consumption of alcohol is associated with higher levels of physical activity (French et al., 2009; Vancampfort et al., 2015a) . It might be that individuals who frequently drink have an increased affinity for physical activity, perhaps because of its reward-related reinforcing effects (Leasure et al., 2014) . Alternatively, some forms of physical activity (e.g., team sports participation) may be linked to post-game alcohol consumption.
However, more research is needed to understand this relationship.
Policy-related and clinical implications
First, although economic growth and urbanization offer many opportunities in LMICs, including potential access to better mental and physical health care, today's urban environments and a more Western lifestyle can concentrate health risks and introduce new hazards, such as a higher risk for non-communicable diseases. A stronger emphasis on physical activity interventions focusing on barriers for people with mental illness is needed. Such interventions must be linked to national policies in order to accelerate the implementation of effective and promising strategies on a large scale. Our data confirm a recent call (Sallis et al., 2016a) for a clear evidence base of and consensus on effective physical activity interventions that will support national health policy making in LMICs. For example, our data show that physical activity supportive environments should become a vital component of a mental and physical health policy in LMICs. There is a high need to improve the availability and quality of sidewalks, pedestrian zones, bicycle facilities, and factors affecting intersection quality (e.g., crosswalks, pedestrian signals) in urban centers. Improved design of physical activity stimulating urban environments has the potential to contribute nearly 90 min/week of physical activity, which is 60% of the 150 min/week recommended in physical activity guidelines (Sallis et al., 2016b) .
Next to this a curriculum review for clinical and public health courses should be undertaken as well to include psychical activity in the management of mental disorders such as depression. Welltailored continuous medical education should be conducted in medical settings in LMICs, and can be used to equip medical professionals with the necessary knowledge to promote physical activity in people with depression Third, the current findings provide important clinical implications regarding the design and delivery of physical activity interventions targeting people with depression in LMICs. Results suggest a need to tailor different types of physical activity interventions to different age groups and to consider somatic co-morbidities, pain/discomfort and mobility problems. We suggest future research explore a dual strategy of physical activity promotion in low resource settings involving a smaller number of trainers/supervisors (e.g., exercise physiologists and physiotherapists) and a larger cohort of face-toface clinical practitioners (e.g., nurses). This method has been successfully employed for cognitive behavioural therapy in trials in LMICs (Naeem et al., 2015; Naeem et al., 2014) . A stepped-care approach, where people with depression start with self-management strategies to increase their physical activity levels may be a feasible strategy in low resource settings. Then, if patients still do not achieve physical activity recommendations, they could continue with a manualized approach under the supervision of a non-specialist clinician (e.g., nurses, occupational therapists). Patients would only be referred to a specialist supervisor (e.g., exercise physiologists and physiotherapists) if no significant increase in physical activity occurred, for example due to somatic co-morbidities, pain, sleep problems or mobility problems or for specific populations such as the elderly. It is known that inclusion of exercise physiologists or physiotherapists reduces drop-out rates from physical activity interventions and consequently improves outcomes in people with depression (Stubbs et al., 2016f) .
Careful consideration of what physical activity implementation strategies would be most efficacious, and evaluation of this stepped-care approach, is essential.
Limitations
The current data should be considered in the light of some limitations. First, the study is cross-sectional, therefore cause and effect cannot be deduced. Therefore, future prospective research is required to disentangle the directionality of the relationships observed. Second, due to the 12-month timeframe for a depression diagnosis, participants without current depressive symptoms might have been included. Thus, some level of misclassification may have affected the results. Third, physical activity was measured with a self-report questionnaire, which is known to be less accurate than objective assessments Stubbs et al., 2016a) . For example, it is well recognized that self-reported measures, especially the IPAQ, can overestimate physical activity levels (Ainsworth et al., 2006) . Fourth, the current study only included non-institutionalized people and therefore, the current data are not generalizable to non-community settings. Fifth, we considered the physical activity correlates in people with depression in LMICs as a whole and did not make any further distinction in geographical or cultural regions. There are vast differences across the 46 countries in terms of health care and political systems, literacy, culture and religion that might impact on both health behavior and attitudes/knowledge regarding physical activity, differences which were not accounted for in our analyses. Finally, future studies would benefit from assessing to what extent other sociodemographic factors such as family composition (e.g. having children or not) and ethnicity as well as other macro-level environmental factors such as food insecurity, civil conflicts, and extreme weather in LMICs are linked to physical inactivity in this population.
In conclusion, our data have considered in detail the correlates of recommended physical activity levels among people with depression in a large cohort of 24,230 people from 46 LMICs. These findings provide guidance for future population level interventions across LMICs to help people with depression to become more active.
Declaration of interest
The authors declare that there are no conflicts of interest to report.
Contributors
Access to the World Health Survey data collection was obtained by Dr. Brendon Stubbs. Analyses were performed by Dr. Ai Koyanagi and Dr. Brendon Stubbs. Dr. Davy Vancampfort wrote a first draft which was reviewed and revised in several rounds by the other co-authors. All authors approved the final version and all authors certify that they have participated sufficiently in the work to believe in its overall validity and to take public responsibility for appropriate portions of its content.
Role of funding source
Ai Koyanagi's work is supported by the Miguel Servet contract financed by the CP13/00150 and PI15/00862 projects, integrated into the National R + D + I and funded by the ISCIII -General Branch Evaluation and Promotion of Health Research -and the European Regional Development Fund (ERDF-FEDER). We certify that no party having a direct interest in the results of the research supporting this article has or will confer a benefit on us or on any organization with which we are associated. All estimates are based on weighted sample. The total amount of moderate to vigorous physical activity over the last week was calculated and those scoring <150 minutes were considered to have low physical activity. a Differences in sample characteristics by low physical activity was tested by Chi-squared tests and Student's t-tests for categorical and continuous variables respectively. b Mexico is not included as data on fruit and vegetable consumption were not collected. c These variables had scores ranging from 0 to 10 (higher scores indicating worse conditions). The total amount of moderate to vigorous physical activity over the last week was calculated and those scoring <150 minutes were considered to have low physical activity. Model 1: Adjusted for sex, age and country. Model 2: Adjusted for all covariates in the Table and country. a These variables had scores ranging from 0 to 10 (higher scores indicating worse conditions) and were included in the models as continuous variables ** p<0.01
